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(57) Abstract 

A DNA template consisting of multiple tandem repetitions of an oligonucleotide unit is produced by stepwise copying of an 
oligonucleotide comprising at least one and a half units of a nucleotide sequence showing dyad symmetry by means of a template- 
and primer-dependent DNA polymerase in the presence of the necessary nucleoside triphosphates during repeated cycles of denaturation 
and annealing, or by endless copying f a circular oligonucleotide comprising at least one copy f said oligonucleotide unit by means of a 
nucleic acid polymerase, which is capable of strand displacement and is substantially without 5'-3' xonuclease activity, in the presence of 
the necessary nucleoside triphosphates and, if necessary, a primer capable of binding to some portion of the oligonucleotide, or by known 
reactions. Thereafter, in a cascade nucleic acid amplification reaction, a great number of partial and complete DNA or RNA copies of said 
DNA template is produced by means of a nucleic acid polymerase, which is capable of strand displacement and is substantially without 5 -3 
exonuclease activity, by contacting the template with said nucleic acid polymerase in the presence of the necessary nucleoside triphosphates 
and. if necessary, a primer capable of binding to the oligonucleotide unit, the polymerase thus synthesizing DNA or RNA originating from, 
ideally, each repeating oligonucleotide unit in the DNA template. These reactions can be used in methods for detecting a target molecule 
or group and in processes for the amplification of a particular DNA sequence. 
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A Cascade Nucleic Acid Amplification Reaction 



This invention relates to a process of producing DNA con- 
sisting of multiple tandem repetitions of an oligo- 
5 nucleotide unit and a cascade nucleic acid amplification 
reaction producing a great number of partial and complete 
DNA or RNA copies thereof. The invention also relates to 
the application of these reactions in a method of detect- 
ing a target molecule or group at a specific site and a 
10 process for the amplification of a particular DNA se- 
quence. 

BACKGROUND OF THE INVENTION 

15 The well-known polymerase chain reaction (PCR) is a proc- 
ess for amplifying any specific nucleic acid sequence 
contained in a nucleic acid or mixture of nucleic acids. 
In general, the process involves a chain reaction for 
producing, in exponential quantities relative to the num- 

20 ber of reaction steps involved, any specific nucleic acid 
sequence given (a) that the ends of the sequence are 
known in sufficient detail that two oligonucleotide prim- 
ers can be synthesized which will hybridize to them, and 
(b) that a small amount of the sequence is available to 

25 initiate the chain reaction. The process comprises treat- 
ing separate complementary strands of the nucleic acid 
with a molar excess of two oligonucleotide primers, and 
extending the primers in the presence of a nucleic acid 
polymerase and the four necessary nucleoside triphos- 

30 phates to form complementary primer extension products 
which act as templates for synthesizing the specific nu- 
cleic acid sequence. When the complementary strands of 
the nucleic acid are separated, e.g. by heating, the 
strands are ready to be used as templates for the synthe- 

35 sis of complementary strands by primer extension thus 
doubling the number of copies of the specific nucleic 
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acid sequence. The steps of strand separation and exten- 
sion product synthesis can be repeated as often as needed 
to produce the desired quantity of the specific nucleic 
acid sequence. This basic process is described and 
5 claimed in US patent no. 4 683 202, and variants thereof 
are described and claimed in the related US patents nos . 
4 683 195 and 4 800 159. 

Becton Dickinson has described a variant of the PCR tech- 
10 nique where the thermocy cling is replaced by an enzymatic 
destruction of the primers, thus freeing the target se- 
quence originally binding the primer to make it able to 
bind a new primer (EP 0 497 272 Al, EP 0 500 224 A2, EP 
0 543 612 A2) . After binding of the second primer to the 
15 target sequence, the product generated by chain elonga- 
tion from the first primer is removed by strand 
displacement as the second primer is elongated. Like PCR, 
this reaction employs primers annealing to both ends of a 
biological DMA molecule with the purpose of amplifying 
20 the intervening biological sequence. This is unlike the 
present DNA cascade which relies on primers annealing 
along the length of a constructed tandemly repeated se- 
quence (referred to as" "polymer") . 

25 Strand displacement is also involved in other DNA tech- 
niques such as the commonly used random priming labeling 
of hybridization probes. However, in this approach all 
DNA present can serve as template for the reaction. This 
is unlike the present DNA cascade, which is restricted to 

30 a specific pre-selected template. 

PR1NS reactions can also be enhanced by strand displace- 
ment DNA synthesis after destruction of already elongated 
primer, as described by this inventor and patented by 
35 Boehringer Mannheim. Like the Becton Dickinson reaction, 
this produces multiple copies of a biological target se- 
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quence, but does not have the characteristics of tin.' pre- 
sent DNA cascade reaction. 

J.W.IJdo et al., Nucleic Acids Research, Vol. 19, No. 17, 
5 p. 4780 (1991), report the rapid generation of human te- 
lomere repeat sequence (TTAGGG)n/ with fragment sizes up 
to 25 kb, using a technique related to the polymerase 
chain reaction (PCR) . The reaction is carried out in the 
absence of template using primers (TTAGGG)? and 

10 (CCCTAA)k. Staggered annealing of the primers provides a 
single strand template for extension by Tag polymerase. 
The primers serve as both primer and template in the 
early cycles, whereas the newly formed sequences serve as 
primer and template in subsequent stages of the reaction 

15 resulting in a heterogeneous population of molecules con- 
sisting of repeat arrays of various lengths. 

The DNA synthesized is only used as a probe for hybridi- 
zation, and the approach thus serves as an alternative to 
20 other procedures for labeling of hybridization probes 
(like end-labeling or tailing) . Unlike the approach de- 
scribed here, no surplus short primer is added to the 
resulting polymers to release a cascade reaction. 

25 A commonly used method for randomly amplifying human DNA 
is called alu-PCR. This approach utilizes the fact that 
the human genome contains certain interspersed repeated 
elements called alu-repeats. These closely similar ele- 
ments are on the average found once every ca. 10 kb of 

30 human genomic DNA. Though the actual distance between two 
neighboring alu-elements differ significantly along the 
genome, most of these elements are situated close enough 
to their neighbors to enable amplification by PCR of the 
intervening non-alu sequence after hybridization of prim- 

35 ers to the alu-sequence . 
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British Technology Group Ltd has described a similar ap- 
proach for the detection of Bovine Encephalitis viruses 
by PCR (WO 9304198 Al). In this case the interspersed re- 
peat is comprised of a tandemly repeated sequence 
5 containing six base monomers, each having a sequence ex- 
hibiting a dyad symmetry. It is consequently possible to 
amplify the intervening sequences using only one primer 
(binding to both strands) rather than the two primers 
normally employed in other types of PGR, such as the alu- 

10 PCR. The fact that the naturally occurring repeat, which 
is detected by this technique/ holds a dyad symmetry en- 
tity, gives it a possible chance similarity to one 
variant of the polymer synthesized by the reactions de- 
scribed here. In such cases where the intervening 

15 sequences are sufficiently short, the bovine virus DNA 
should thus be able to serve as the template for a DNA 
cascade. However, such a possibility is not recognized in 
the British Technology Group Patent, which only refers to 
PCR as the resulting amplification reaction. The chance 

20 similarities also imply that both the bovine virus test 
and some variants of the DNA cascade make use of primers 
with a dyad symmetry. However, whereas these primers in 
the DNA cascade are used to construct a molecule, and 
work on the constructed molecule, the primers in the bo- 

25 vine encephalitis test are only thought of as probes for 
the diagnostic detection of certain naturally occurring 
DNA molecules. 

In the Japanese unexamined Patent Application, publica- 
30 tion no. 04-262799, belonging to Toyobo Co. Ltd., Toshiya 
& Yutaka have described the formation from a circular DNA 
molecule of a polymer like the one used as starting mate- 
rial for the present DNA cascade. They obtain the DNA 
circle by circularizing a designed linear DNA molecule 
35 onto a biological DNA molecule, using the circularization 
as a test for the presence of the relevant biological 
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molecule. After circularization of the test molecule/ 
they add a third DNA molecule capable of binding to the 
part of the test molecule that did not hybridize with the 
biological molecule. This third molecule then serves as a 
5 primer for rolling circle replication of the circularized 
test molecule, thus forming a tandem repeat polymer de- 
rived from this. In this approach it is not envisioned 
that the polymer thus generated could be used as the 
starting material for a DNA cascade. Neither is it sug- 

10 gested that the circularization process could be 
positioned at the 3 '-end of the biological molecule, such 
that this end could be used as a primer for the rolling 
circle replication, eliminating the need for the addition 
of a third DNA molecule to prime this, nor that the reac- 

15 tion could be inverted, such that it is the biological 
molecule, which is circularized. 

SUMMARY OF THE INVENTION 

20 Till now, the very successful techniques for the enzy- 
matic amplification of DNA have been designed to amplify 
nucleic acid sequences of biological origin to enable 
studies of or with these sequences. The present invention 
represents a new strategy, termed a "DNA cascade", which 

25 is to amplify synthetic DNA. The amplification process 
may then secondarily be used as a marker in biological 
analyses, and to co-amplify nucleic acid sequences of 
biological origin. 

30 The DNA cascade is a technique for the production of mul- 
tiple partial or complete copies of a preformed template. 
This is obtained after the initial construction ("linear 
multiplication reaction", phase 1) of a suitable template 
which consists of multiple tandem repetitions of an oli- 

35 gonucleotide unit, each of which can per se serve as a 
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specific starting point for the copying process (the 
"cascade amplification reaction", phase 2) . 

The template for the cascade reaction may be built from 
5 two complementary oligonucleotides with an internal repe- 
tition unit in a manner similar to that described by 
J.W.IJdo et al., loc. cit. 

However, the template .is most conveniently produced by a 
10 novel process according to the invention from one oli- 
gonucleotide comprising at least one and a half and 
preferably two units of a nucleotide sequence showing 
dyad symmetry. 

15 This process involves repeated denaturation and annealing 
events to enable the oligonucleotide to grow stepwise by 
primed synthesis catalyzed by a DNA polymerase in the 
presence of the necessary nucleoside triphosphates. 

20 This repeated denaturation and annealing can be achieved 
by thermocycling as illustrated in example 1, but could 
also be achieved by other means. One possibility would be 
to incubate the oligonucleotide (s) at the melting point 
of their duplex form (or slightly above this tempera- 

25 ture) . This would result in a statistical equilibrium, 
where a fraction of the molecules at any given time could 
support chain elongation, and thus polymer growth. In 
such a setup the temperature cycling would be replaced by 
a temperature gradient forcing the molecules to become 

30 longer and longer to accommodate for the increasing incu- 
bation temperature. The advantage of the gradient 
approach is that it does not require incubations at high 
temperatures, especially not if the DNA sequences chosen 
are rich in adenine and thymine. The avoidance of high 

35 incubation temperatures may be of advantage if the poly- 
mer formation is performed while the oligonucleotides are 
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attached to specific detection reagents like avidin or 
antibodies, as such molecules tolerate high temperatures 
poorly. 

5 Thus, in a first aspect the present invention provides a 
process for producing DNA consisting of multiple tandem 
repetitions of an oligonucleotide unit, wherein an oli- 
gonucleotide comprising at least one and a half unit of a 
nucleotide sequence showing dyad symmetry is copied step- 

10 wise by means of a template- and primer-dependent DNA 
polymerase in the presence of the necessary nucleoside 
triphosphates during repeated cycles of denaturation and 
annealing, the chain elongation taking place each time 
the annealing results in a frame-shifted hybridization 

15 giving rise to duplexes with buried 3' ends. 

The sequence of bases in the oligonucleotide could be' 
freely chosen according to the individual needs, but in 
order to be able to participate in the polymerization 

20 process, the oligonucleotide must consist of at least one 
and a half copy of the sequence intended to be the re- 
peating unit of the polymer. Furthermore, it may be 
desirable to construct the oligonucleotide such that it- 
consists of repeats of a sequence showing dyad symmetry, 

25 since this makes the sequence complementary to itself and 
eliminates the need for the inclusion of a second 
(complementary) oligonucleotide in the polymerization 
process. Thus, the shortest repeating unit showing dyad 
symmetry would be two complementary bases, for instance 

30 the sequence "AT". One and a half unit of this sequence 
would be "ATA" , and the shortest oligonucleotide able to 
serve as a substrate for the polymerization on its own 
would thus be a three base oligonucleotide like "ATA". 
Any repeating dyad symmetry unit larger than two bases 

35 and anyone number of dyad symmetry units larger than one 
and a half could also be chosen, the only limitation be- 
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ing the technical limitations on the size cf the oligonu- 
cleotide imposed by the process used to produce the 
oligonucleotide. Preferably, the starting oligonucleotide 
comprises at least two units of the nucleotide sequence 
5 showing dyad symmetry. 

In a particular embodiment of the process for producing 
the template the nucleotide sequence showing dyad symme- 
try comprises the promoter region for an enzyme capable 

10 of template-dependent DNA or RNA synthesis without the 
need for a primer and the complementary repeat of said 
region. The presence of such a promoter region in each 
oligonucleotide unit of the template may be of advantage 
in the carrying out of the subsequent cascade phase as 

15 explained below. 

In another particular embodiment of the above process any 
nucleotide sequence to be amplified is inserted between 
the copies of the nucleotide sequence showing dyad syrame- 
20 try in the starting oligonucleotide. If such inserted 
nucleotide sequence comprises the promoter region for an 
enzyme capable of template-dependent DNA or RNA synthesis 
without the need for a primer, the same result is -ob- 
tained as in the first particular embodiment above. 

25 

A nucleic acid template consisting of multiple tandem 
repetitions of an oligonucleotide unit can also be pro- 
duced by another novel process according to the invention 
which involves circularization of one oligonucleotide so 

30 that it has no end and thus can act as a template for an 
endless copying process catalyzed by an enzyme that dis- 
places rather than digests DNA or RNA occupying the part 
of the circular oligonucleotide which it is about to copy 
producing a large molecule being a multimer of the oli- 

35 gonucleotide. 
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Thus, in a second aspect the present invention provides a 
process for producing nucleic acid consisting of multiple 
tandero repetitions of an oligonucleotide unit, wherein a 
circular oligonucleotide comprising at least one copy of 
5 said unit is used as a template for an endless copying 
process by means of a nucleic acid polymerase, which is 
capable of strand displacement and is substantially with- 
out 5' -3' exonuclease activity, in the presence of the 
necessary nucleoside triphosphates and, if necessary, a 
10 primer capable of binding to some portion of the oligonu- 
cleotide. 

The circularization process can be of two kinds, as the 
reaction can be designed to circularize any of the two 

15 strands on the other. If using a synthetic sequence and a 
biological sequence, one could thus choose to circularize 
the biological sequence on the synthetic or the synthetic 
on the biological, all depending on the design of the ex- 
periment. Likewise, one could either circularize the 

20 strand to be circularized at the 3' -end of the template 
strand, such that this could serve also serve as primer 
for the polymer formation, or one could do the circulari- 
zation away from the 3' -end of the template,- -such that 
the addition of a separate primer for the rolling circle 

25 replication would be necessary. 

When a polymerase capable of template- and primer-depen- 
dent DNA or RNA synthesis is used, the copying is started 
from a primer binding to some portion of the circular 
30 oligonucleotide. 

With a view to a subsequent cascade reaction the po- 
lymerase is preferably a template- and primer-dependent 
DNA polymerase, and it may be of advantage that the cir- 
35 cular oligonucleotide comprises a DNA sequence showing 
dyad symmetry, and the primer has the same DNA-sequence. -- 
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When a template-dependent RNA polymerase without the need 
for a primer is used, the copying is started from a pro- 
moter region incorporated in the circular oligonucleotide 
and being recognized by the polymerase. 

5 

In that case, if it is desired to carry out a subsequent 
cascade reaction, it is necessary to produce a DNA mul- 
timer from the resulting RNA multimer by means of a 
reverse transcriptase and a DNA primer. 

10 

For purposes of monitoring the linear multiplication re- 
action and detecting the multimer product it may be 
useful that the nucleoside triphosphates present are la- 
beled. Such label can for example be an enzyme, a 
15 radioactive isotope, a fluorescent compound, a chemilu- 
minescent compound, a bioluminescent compound, a metal 
chelate or a hapten detectable by a specific secondary 
reaction. 

20 The cascade amplification reaction comprises a copying of 
the template in an enzyme catalyzed process that origi- 
nates from multiple repeating units in the template, thus 
making it possible to produce multiple- copies of any seg- 
ment of the template. To obtain this it is necessary to 

25 use enzymes that displaces rather than digests DNA or RNA 
occupying the part of the template which it is about to 
copy. As the sequences of the produced copies are both 
identical and complementary, they are able to aggregate 
forming large complexes with a decreased mobility rela- 

30 tive to the individual molecules. 

Accordingly, in a second aspect the present invention 
provides a cascade nucleic acid amplification reaction, 
wherein a great number of partial and complete DNA or RNA 
35 copies of a DNA template consisting of multiple tandem 
repetitions of an oligonucleotide unit is produced by 
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i 1 

means of a nucleic acid polymerase, which is capable of 
strand displacement and is substantially without 5 '-3' 
exonuclease activity, by contacting the template with 
said nucleic acid polymerase in the presence of the nec- 
5 essary nucleoside triphosphates and, if necessary, a 
primer capable of binding to the oligonucleotide unit, 
the polymerase thus synthesizing DNA or RNA originating 
from, ideally, each repeating oligonucleotide unit in the 
template. 

10 

If any part of the repeating oligonucleotide unit corre- 
sponds to the promoter of an enzyme capable of template- 
dependent DNA or RNA synthesis without the need for a 
primer as a starting point for the process, like the T3, 
15 T7 or SP6 RNA polymerase, the cascade phase can be in- 
duced by the simple addition of this enzyme and the 
necessary nucleoside triphosphates to the single-stranded 
or double-stranded template, preferably the double- 
stranded template. 

20 

If this is not the case, a primer capable of binding to 
the repeating oligonucleotide unit is needed along with a 
suitable enzyme that can synthesize DNA or RNA from the 
appropriate nucleoside triphosphates in a template- and 

25 primer-dependent reaction and has the aforementioned 
ability to induce strand displacement. In this case the 
strands of the template must first be separated so that 
the primer is able to hybridize to each strand. Suitable 
DNA polymerases of this kind are e.g. the Klenow fragment 

30 of DNA polymerase I, preparations of the Tag polymerase 
without exonuclease activity or the T4 DNA polymerase. 

If the DNA template is produced from a circular oligonu- 
cleotide by means of a DNA polymerase starting from a 
35 primer binding to some portion of the circular oligonu- 
cleotide, the cascade reaction may be carried out 
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simultaneously with the template formation by adding a 
primer binding to at least a portion of the complementary 
oligonucleotide units comprising the template. 

5 In this case, as mentioned previously, it is advantageous 
that the starting circular oligonucleotide comprises a 
DNA seguence showing dyad symmetry, and the primer has 
the same DNA sequence, as then both the template forma- 
tion and the cascade reaction therefrom will take place 
10 using the same single primer. 

When the nucleic acid polymerase is a DNA polymerase, the 
synthesized strands displaced from the template are also 
DNA, and the cascade reaction proceeds further from the 
15 repeated oligonucleotide units of the newly synthesized 
DNA strands,. 

In a particular embodiment of such a cascade reaction the 
time of conducting the cascade ; reaction is adjusted to 

20 the number of repeated units in the template and, possi- 
bly, the concentration of primer in such a way that the 
copying of the template and the newly synthesized DNA 
strands does not proceed to~the ends thereof, so that the 
displaced strands remain attached to the template, form- 

25 ing a large web of interconnected strands. 

When the nucleic acid polymerase is a RNA polymerase, the 
synthesized strands displaced from the template are RNA, 
and the cascade reaction produces a great number of sin- 
30 gle-stranded RNA molecules which hybridize to each other 
forming a large immobile network. 

The synthesized RNA molecules will not be copied further 
by the RNA polymerase, but if further copies are desired, 
35 it is possible to proceed as follows: The produced net- 
work of hybridized RNA molecules is denatured, annealed 
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to complementary oligonucleotides suitable as primers for 
cDNA synthesis and copied into cDNA strands by means of a 
reverse transcriptase, after which the cascade reaction 
proceeds further from the repeated oligonucleotide units 
5 of the cDNA strands. 

Also in the cascade reaction it may be useful for pur- 
poses of monitoring the reaction or detecting the product 
or products that the nucleoside triphosphates present are 
10 labeled. Again, such label can for example be an enzyme, 
a radioactive isotope, a fluorescent compound, a cherai- 
luminescent compound, a bioluminescent compound, a metal 
chelate or a hapten detectable by a specific secondary 
reaction. 

15 

An application aspect of the present invention provides a 
method of detecting a target molecule or group at a spe- 
cific site, wherein 

a) a detector molecule that binds specifically to the 
20 target is attached to an oligonucleotide capable of tak- 
ing part in a reaction to form a DNA template consisting 
of multiple tandem repetitions of said oligonucleotide, 

b) the oligonucleotide -with attached detector molecule is 
contacted with the target site, and oligonucleotide with 

25 attached detector molecule not bound to target is re- 
moved, 

c) a reaction to form a DNA template consisting of multi- 
ple tandem repetitions of the oligonucleotide bound to 
the detector molecule is carried out, and 

30 d) the target is detected by detection of the bound am- 
plified nucleic acid. 

In this method it will often be expedient that further a 
cascade reaction as previously described is carried out 
35 before detecting the target. 
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In another embodiment of this method 

a) a detector molecule that binds specifically to the 
target is attached to a DNA template consisting of multi- 
ple tandem repetitions of an oligonucleotide unit, 
5 b) the template with attached detector molecule is con- 
tacted with the target site, and template with attached 
detector molecule not bound to target is removed, 
c) a cascade reaction as previously described is carried 
out, and 

10 d) the target is detected by detection of the bound am- 
plified nucleic acid. 

When the method comprises a cascade reaction, the pres- 
ence of a large web of nucleic acid strands may be 
15 visible or detectable on its own, but usually the nucleo- 
side triphosphates used in the process for producing the 
DNA template and, possibly, in the cascade reaction are 
labeled, and the target is detected by detecting the la- 
bel. 

20 

The label on the labeled nucleoside triphosphates can for 
example be an enzyme, a radioactive isotope, a fluores- 
cent compound, a* "chemi luminescent compound, a biolu- 
minescent compound, a metal chelate or a hapten such as 
25 biotin detectable by a specific secondary reaction. 

If the product of the detection reaction shall appear at 
a certain localization, the target molecules or groups to 
be detected should be bound to a specific site either be- 
30 fore or after the reactions according to this invention 
take place. For example, they may be fixed to a solid 
surface, or they may be confined within a narrow space 
such as an organic cell. 

35 A practical use of this aspect of the invention is the 
one wherein the target is a specific antigen, and the de- 
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tector molecule is an antibody to said antigen. Another 
is the one wherein the target is a specific carbohydrate 
molecule or group, and the detector molecule is a lectin 
binding thereto. Yet another is the one wherein the tar- 
5 get is a specific nucleic acid sequence, and the detector 
molecule is a DNA or RNA probe which hybridizes specifi- 
cally to the target sequence. 

A further application aspect of the present invention 
10 provides a process for the amplification of a particular 
DNA fragment, wherein a first oligonucleotide is added to 
both ends of one copy of said DNA sequence and a second 
oligonucleotide complementary to the first one is added 
to both ends of another copy of said DNA sequence, and 
15 the resulting DNA sequences are copied stepwise by means 
of a template- and primer-dependent DNA polymerase in the 
presence of the necessary nucleoside triphosphates during 
repeated cycles of denaturation and annealing, the chain 
elongation taking place each time the annealing results 
20 in a frame-shifted hybridization giving rise to duplexes 
with buried 3' ends. 

In another- embodiment of this amplification process, a 
first, oligonucleotide is added to the 5' end and a second 

25 oligonucleotide complementary to the first one is added 
to the 3' end of one copy of said DNA sequence and vice 
versa with another copy of said DNA sequence, and the re- 
sulting DNA sequences are copied stepwise by means of a 
template- and primer-dependent DNA polymerase in the 

30 presence of the necessary nucleoside triphosphates during 
repeated cycles of denaturation and annealing, the chain 
elongation taking place each time the annealing results 
in a frame-shifted hybridization giving rise to duplexes 
with buried 3' ends. 
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In yet another embodiment of this amplification process, 
at least one unit of an oligonucleotide showing dyad sym- 
metry is added to both ends of said DNA sequence, and the 
resulting DNA sequence is copied stepwise by means of a 
5 template- and primer-dependent DNA polymerase in the 
presence of the necessary nucleoside triphosphates during 
repeated cycles of denaturation and annealing, the chain 
elongation taking place each time the annealing results 
in a frame-shifted hybridization giving rise to duplexes 
10 with buried 3' ends. 

In each of the above three embodiments it may be expedi- 
ent that the oligonucleotide units added to the ends of 
the particular DNA sequence are designed to contain re- 
15 striction enzyme recognition sites bordering said DNA 
sequence. 

In still another embodiment of the amplification process 
the particular DNA sequence to ; be amplified is either 

20 circularized or inserted into a circular oligonucleotide, 
and the resulting circular DNA is used as a template for 
an endless copying process by means of a nucleic acid po- 
lymerase capable of strand displacement and substantially 
without 5 '-3' exonuclease activity in the presence of the 

25 necessary nucleoside triphosphates and, if necessary, a 
primer capable of binding to some portion of the oligonu- 
cleotide. 

In this embodiment it may be expedient that the particu- 
30 lar DNA sequence is inserted in a site of the circular 
oligonucleotide producing restriction enzyme recognition 
sites bordering said DNA sequence. 

Each of the above described embodiments of the amplifica- 
35 tion process will produce by far the largest amplifi- 
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cation, when the process further comprises a cascade re- 
action as previously described. 

Also in this amplification aspect of the invention it may 
5 be useful for monitoring or detection purposes that the 
nucleoside triphosphates used in the process are labeled. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 Figure 1 illustrates the perfect match of two copies of 
one oligonucleotide comprising two units of dyad symmetry 
as well as the frameshifted annealing of the strands and 
DNA synthesis after the first denaturation of the double 
strand. 

15 

Similarly, Figure 2 illustrates the perfect match of an 
oligonucleotide with internal repetitions and its comple- 
mentary oligonucleotide as well as the frameshifted 
annealing of the two strands and DNA synthesis after the 
20 first denaturation of the double strand. 

Figure 3 illustrates the co-amplification of a DNA se- 
quence "of twelve "irrelevant" bases between two units of 
a dyad symmetry sequence. 

25 

Figure 4 is a diagram illustrating an endless copying 
from a circular oligonucleotide. (1) is a linear oligonu- 
cleotide; (2) is the circularized oligonucleotide; (3) 
illustrates the copying of the circular oligonucleotide 
30 starting from a primer or a promoter at the 5* end; and 
(4) illustrates the strand displacement and continued 
copying after one turn of the oligonucleotide. 

Figure 5 illustrates a cascade amplification reaction 
35 from a DNA template consisting of multiple tandem repeti- 
tions of a dyad symmetry oligonucleotide unit using the 
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dyad symmetry unit as a primer. The primer will hybridize 
to numerous complementary sequences in the template 
strand, and as the used DNA polymerase is capable of 
strand displacement and has no significant 5' -3' exonu- 
5 clease activity, strand displacement will occur when the 
DNA synthesis reaches a site already occupied by a syn- 
thesized strand. Thus the DNA synthesis continues along 
the template strand, while more primer sequences bind to 
the displaced strands giving rise to the synthesis of new 
10 strands displacing each other. 

Figure 6 illustrates the attachment of an oligonucleotide 
comprising repeated units of a dyad symmetry nucleotide 
sequence to an antibody which binds to a specific antigen 
15 fixed to a solid surface with a view to a subsequent mul- 
tiplication and,- optionally, cascade reaction to detect 
the antibody. 

DETAILED DESCRIPTION OF THE INVENTION 

20 

The theoretically most productive embodiment of the in- 
vention is as follows: 

i) The template is produced by polymerization from a dyad 
25 symmetry of a short repeating oligonucleotide unit to 

make it contain as many dyad symmetry sequences as possi- 
ble. 

ii) The cascade phase produces multiple DNA copies of ti - 
30 template. Due to the dyad symmetry nature of the sequence 

each of the multiple copies will have a sequence composi- 
tion identical to that of the template and will thus be 
able to serve as template for the synthesis of multiple 
new copies that each can serve as a template for the syn- 
35 thesis of multiple new copies (and so on). (If the 
nucleic acid produced in the process is RNA, it would be 
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necessary with the enzymes available today to convert 
this to DNA with a second enzyme (a reverse transcrip- 
tase) to make it a suitable template for new rounds of 
copying . ) 

5 

This embodiment is described in greater detail in the 
following. 

The DNA cascade is a two-phase reaction for the produc- 
10 tion of large amounts of DNA with a specific base 
sequence. In phase 1 multimers of a chosen oligonucleo- 
tide sequence are generated. In phase 2 this multimer 
structure (the template) is amplified to an amount sev- 
eral orders of magnitude larger than the amount of 
15 starting material. The linking of the two phases results 
in an effect far beyond what could be achieved with each 
of the two reactions individually. The DNA synthesized in 
phase 2 could serve as starting material for a second 
phase 1 or a second phase 2. The different steps can thus 
20 be repeated and combined according to the specific needs. 
In both phases several variants could be imagined. In the 
following an account of the principle of each step will 
be given, along with.a short mention of main variants and 
a presentation of possible applications. 

25 

Formation of multimers 

The multimer template formation by sequential growth from 
an oligonucleotide of dyad symmetry can be illustrated 

30 with the oligonucleotide 

GAAATTTCGAAATTTC (or (GAAATTTC)-), 
which is a direct repeat of the dyad symmetry GAAATTTC. 
Two molecules of this oligonucleotide can hybridize ei- 
ther with a perfect match or in a frameshifted position 

35 where only half of each molecule basepairs (Fig. 1) . In 
the latter situation the duplexes will have either buried 
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or free 3' ends, representing a frame shift either to the 
right or to the left. If a DNA polymerase and nucleoside 
triphosphates are present, buried 3' ends will be ex- 
tended resulting in the growth of that DNA szrand by half 
5 the size of the oligonucleotide employed. Thus, on the 
average 25% of the oligonucleotides will increase their 
length by 50%. If successive rounds of denaturation and 
annealing/chain elongation are performed, the molecules 
will keep increasing in size at a steadily increasing 

10 speed (There are two reasons why the rate of growth will 
increase. One is that a heterogeneous population of mole- 
cules is generated, which increases the frequency of 
frameshif ting . The other is that as the molecules get 
longer, so do the possible frameshifts and thus the re- 

15 suiting growth.), until a level is reached where the 
-- reaction decreases in efficiency due to^ the fact that DNA _ 
polymerases can only synthesize some kilobases of DNA in 
vitro. By then our original 16mer has grown to a size of 
several kilobases. 

20 

A similar reaction could be obtained with two oligonu- 
cleotides having the sequence (GAAA)„ and (TTTC) n (Fig. 
2) . Such a polymerization reaction from two oligonucleo- 
tides has previously been described by J.W.IJdo et al., 
25 loc. cit., and was shown to be able to generate 25 kilo- 
base molecules from short oligonucleotides. 

The principle as such should not be affected by the plac- 
ing of an "irrelevant" sequence between the initial 
30 copies of the growing oligonucleotide. (By "irrelevant" 
in this context is meant that the sequence on its own 
would be unable to engage in the reactions according to 
this invention) . Thus, the oligonucleotide 

GAAATTTC ["irrelevant" sequence] GAAATTTC 
35 should grow to generate the sequence 

(GAAATTTC ["irrelevant" sequencel ) „GAAATTTC 
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(Fig. 3) . 

The advantage of adding the "irrelevant" sequence would 
be to have it co-amplified along with the amplifying oli- 
5 gonucleotide. The oligonucleotide would thus serve as 
carrier for the amplification of something else. The cost 
will of course be that as the size of the amplification 
unit increases, the number of copies in each polymer de- 
creases since the total size of the polymer is fixed. The 
10 lower the number of units per polymer, the less DNA could 
be generated in the next phase where the maximum degree 
of amplification is primarily determined by the number of 
repeating units in each polymer. 

15 In case of multimer template formation from a circular 
oligonucleotide, the multimer can be generated without 
repeated denaturation and annealing (Fig. 4). This re- 
quires the use of a polymerase capable of strand dis- 
placement and substantially without 5' -3' exonuclease ac- 

20 tivity as described for the cascade phase below and with 
kinetics identical to those described there. Also, the 
starting oligonucleotide should be bigger than is needed 
for multimer template formation from : a linear molecule of 
dyad symmetry. However, the exact minimum size cannot be 

25 stated, as it will depend upon the sequence of the oli- 
gonucleotide and the size of the enzyme used to copy the 
circular DNA. The rigidity of the DNA depends upon the 
sequence of bases, and the more rigid it is, the longer 
the oligonucleotide needs to be in order to be bent into 

30 a circle. Furthermore, this circle must be big enough to 
enable the DNA polymerase to operate on it. If the origi- 
nal oligonucleotide is not big enough to fulfill these 
requirements, it can be elongated as described in the 
previous paragraph, until it has reached a sufficient 

35 size. Apart from the size requirements, the circulariza- 
tion variant only requires that the molecule to be 
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circularized has a 5' -phosphate group and a 3 '-hydroxy 
group as well as the addition of a DNA or RNA ligase un- 
der suitable reaction conditions including the presence 
of an energy-rich molecule like ATP to donate the neces- 
5 sary energy for the covalent linking of the ends. If the 
circular oligonucleotide has to be fixed at a certain 
site, it must be connected to a detector molecule, con- 
tain a detector molecule or contain a moiety capable of 
attaching to a detector molecule. 

10 

The possibility of forming a polymer from" a circular tem- 
plate may be used to identify molecules capable of 
forming circles when complemented with a suitable tem- 
plate, or capable of serving as templates for circula- 

15 rization of the complementing DNA. The existence of a 

certain biological molecule can thus. be detected through . 

its ability to induce circularization of a linear DNA 
molecule added to it, and the circularization detected 
through the ability of a third ;DNA molecule to bind to 

20 the circle initiating rolling circle replication as de- 
scribed in the Toyobo patent, loc. cit . 

However, the circularization may more- conveniently be 
performed towards the 3* -end of the template, such that 

25 this end can serve as a primer for the rolling circle 
replication. Not only does this approach eliminate the 
need for the addition of an extra primer, it also keeps 
circles erroneously formed at cross reacting sites from 
being copied, unless they by chance coincide with a 3'- 

30 end. This approach also has the further advantage that 
the polymer would be covalently linked to the 3' -end 
which is detected. Thus, if the circle is formed at a 
site within a chromosome, the polymer will be a continua- 
tion of the chromosomal DNA at that site, and if the 

35 circle is formed on DNA captured in a microtitre well, on 
magnetic beads or otherwise, the polymer will be a con- 
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tinuation of the captured DNA. As a result of this, the 
polymer is not only specifically synthesized at the rele- 
vant site, but also very efficiently retained here. 

5 The formation of the polymer can be directly detected if 
it is synthesized from labeled nucleotides, but more 
specificity and sensitivity would be obtained by adding a 
separate detection step, which could be a DNA cascade on 
the polymer, or possibly other approaches like PRINS or 
10 FISH. A prerequisite for this type of reaction is that 
the DNA studied has a suitably located 3 '-end. If such an 
end is not naturally available, it may be generated arti- 
ficially e.g. by digestion with a suitable restriction 
enzyme. 

15 

A further aspect of this assay is that it is not only 
sensitive to the sequence of the DNA template, but also 
to the form of it (broken (with a 3 '-end) or continuous 
(no 3'-end)). It should thus be possible to determine not 
20 only if and where a certain target sequence is present, 
but also whether it is broken or not. Such breaks could 
result from a variety of enzymatic actions (e.g. topoi- 
somerases) and pathological processes (e.g. chromosome 
breaks in cancer) . 

25 

Reverting the setup of the assay, such that it is the DNA 
in the sample that is circularized on the DNA added, has 
the consequence that it is the DNA in the sample which is 
copied in the rolling circle replication. Consequently, 

30 the sequence composition of the DNA in the polymer will 
reflect that of the sample and a subsequent cascade reac- 
tion on the polymer can be released with primers inside 
the segments used for circularization, such that any 
"wrong" circle formed would be undetected, as it could 

35 not bind the cascade primers. Furthermore, the DNA syn- 
thesized in the cascade reaction would also correspond to 
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the sample, and could on its own be used for analytical 
purposes (used as probe, sequenced etc.). 

A circular oligonucleotide as described above can also be 
5 used directly as a template for the cascade phase below, 
if such is desired. 

The cascade phase 

If the original oligonucleotide is added to the polymers, 
it will bind at numerous positions along the elongated 
DNA, since what we have is a long polymer containing up 
to several thousand tandem copies of the original oli- 
gonucleotide. If the annealing occurs in the presence of 
labeled nucleotides and a DNA polymerase substantially 
without 5' -3' exonuclease activity, these hybridizations 
will result in a similar number of priming events each 
generating a labeled partial copy of the polymer. Since 
the DNA polymerase has no significant exonuclease activ- 
ity, strand-displacement will occur when the DNA 
synthesis reaches a site already occupied by an oligonu- 
cleotide, thus making it possible to produce multiple 
copies of the same segment' of the polymer (Fig. 5). 

25 As seen in Figure 5, the single-stranded DNA that is pro- 
duced by the strand-displacement also has the potential 
to bind new oligonucleotides (which give rise to new 
strands displacing each other) . In principle this process 
could go on for ever (and at a steadily increasing speed, 

30 since the number of new single strands generated exceeds 
the number of strands used to generate them) , generating 
at maximum m" molecules by n rounds of strand- 
displacement from a polymer containing m copies of the 
amplifying oligonucleotide. In practice the reaction is 

35 likely to slow down after some time since the new strands 
will get shorter and shorter with each generation. How- 
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ever, from one polymer molecule containing a thousand 
copies of the original oligonucleotide (m=1000) , 10 ,r * new 
molecules will likely be produced, if the reaction is run 
to completion (n reaching maximum value) . 

5 

If the size of the original oligonucleotide is increased 
by inclusion of an "irrelevant" sequence as mentioned 
above this will of course also be produced in large 
amounts, though the total amplification will be de- 
10 creased, and with very long additions only a few hundred 
molecules may be generated from each polymer. 

In this case the reactions could be repeated, either 
phase 2 alone using all the new strands as templates for 
15 a second cascade reaction, or the complete reaction let- 
ting the new strands elongate themselves prior to a new 
cascade step. Repeating the complete reaction p times 
would at maximum result in a (m n ) p fold amplification. 

20 Other ways of enhancing the cascade reaction would be by 
pre-reacting the polymer with the cascade releasing oli- 
gonucleotide (s) for a while before the DNA polymerase is 
added, thus ensuring -that all potential binding sites 
will be used in the first round of DNA synthesis, and use 

25 of a degradable primer as described in the Becton Dickin- 
son and Boehringer Mannheim patents (loc. cit.), to 
obtain a multitude of priming events from each site, or a 
combination of these approaches. 

30 Alternatively, the recognition site of a RNA polymerase 
like the T7 RNA polymerase could be included in the am- 
plification unit and the enzyme added at the end of the 
reaction as cascade amplifier (the T7 RNA polymerase will 
upon binding generate up to 40 RNA copies of the DNA se- 

35 quence next to the recognition sequence, so if the 
original unit is amplified 10 fold during the polymeriza- 
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tion phase and another 100 fold during the cascade phase 
the total amplification would then be 10x100x40 = 4 000 
fold) . 

5 Promoter sequences can be polymerized as illustrated here 
with the promoter for the T7 RNA polymerase. 

The cascade phase can not only be released with a primer- 
dependent polymerase/ but also with a promoter-dependent 

10 polymerase; and the nucleic acid produced may be RNA 
rather than DNA as illustrated here for the promoter- 
dependent RNA-producing enzyme T7 RNA polymerase. The se- 
quence of the T7 promoter is CCCTATAGTGAGTCGTATTA . The 
shortest dyad symmetry constructed from this sequence is: 

1 5 CCCTATAGTGAGTCGTATT : AATACGACTCACTATAGGG 

(.":"-. indicates the axis of symmetry) . Oligonucleotides 
containing at least one and a half unit of this dyad sym- 
metry could be polymerized into a double stranded 
polynucleotide, each strand having the sequence 

20 ( CCCTATAGTGAGTCGTATTAATACGACTCACTATAGGG ) n . 

If, for instance, "n" is 100, this means that each strand 
contains 100 potential binding sites for the T7 RNA po- 
lymerase. To obtain" binding of the polymerase it is not 
necessary that the DNA strands are separated (denatured) 

25 by heat or otherwise. It is sufficient to add the po- 
lymerase and RNA precursors (nucleoside triphosphates) to 
the polymer according to one of the many protocols de- 
scribing RNA synthesis from a T7 promoter. The polymerase 
will then bind at multiple sites along the DNA strand 
30 providing high speed multifocal RNA synthesis. 

This type of reaction might be especially suited for ap- 
plications where it is of particular importance that the 
nucleic acids produced in the reaction are very precisely 
35 retained at the site of synthesis (e.g. gene localization 
on metaphase chromosomes) . The reason for this is that 
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the single stranded RNA molecules produced are self- 
complementary, just as the DNA strands from which they 
are copied. Together with the high concentration and the 
low complexity of these molecules, this will cause the 
5 strands to hybridize to each other almost immediately, 
forming a network with a size and density that would make 
it unlikely to diffuse away from the site of synthesis. 
Theoretically, the network could reach such a size and 
density that it precipitated, which would leave it com- 
10 pletely unable tc move unless subjected to some 
mechanical force (like vigorous shaking) . 

The network formed could not bind the T7 RNA polymerase 
for the product ion of further RNA strands as this enzyme 

15 only binds to DNA. If such is desired, it is necessary to 
copy the RNA molecules into cDNA molecules. This can be 
done from nucleoside triphosphates by a reverse tran- 
scriptase and requires that the network is denatured (by 
heating or otherwise) and annealed to complementary oli- 

20 gonucleotides that can serve as starting points (primers) 
for the DNA synthesis. 

Possible applications 

25 Amplifications without added "irrelevant" DNA 

In this situation the oligonucleotide (s) only amplify it- 
self (themselves) . Since what is generated is only large 
amounts of the chosen short oligonucleotide and not some 
30 "biological" molecule, the reaction is particularly 
suited for detection purposes. 

A prerequisite for this type of use is that the molecules 
can be brought to stay at a relevant site. Initially, 
35 this can be obtained by fixation of the polymer template 
for the cascade reaction to a detector molecule capable 
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of binding specifically to the relevant site. This fixa- 
tion may be obtained either by a chemical reaction 
between reactive groups on the two molecules or by an af- 
finity reaction where the template contains a moiety that 
5 will bind specifically to the detector molecule. Thus, if 
the detector molecule is av.idin or streptavidin, the tem- 
plate can be specifically attached thereto, if it 
contains a biotin moiety. Similarly, if the detector 
molecule is an antibody, the template can be attached 
10 specifically thereto, if it contains an antigen recog- 
nized by that antibody. This binding of the template may 
take place prior to, concurrently with or after the bind- 
ing of the detector molecule to the relevant target. If 
preferable, an oligonucleotide capable of taking part in 
15 the formation of the polymer template may be attached in- 

stead of the template, and the template may .then be 

formed at the detector molecule. 

If the polymer formation starts ; from a circularized oli- 
20 gonucleotide, the circle can be used to cause the 
covalent binding of the polymer to the target detected, 
or serve as an anchoring point for the polymer, with the 
polymer ending in the circle and the circle encircling 
the target. 

25 

Once the template has been attached to the relevant site, 
the cascade reaction may be conducted. As can be deduced 
from Fig. 5, the strand displacement occurring in this 
phase will generate single-stranded molecules which are 

30 either attached directly or indirectly to the polymer 
template or are attached to other similar molecules in a 
large network which is unable to move around, due to its 
size. The nucleic acids synthesized during the cascade 
phase will thus stay with the polymer that was attached 

35 to the relevant site. Depending upon the experimental 
setup this retention of the product can be enhanced by 
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the characteristics of the relevant site. Thus, for in- 
stance, if the reaction is performed within a cell, the 
skeleton and membrane of the cell will serve to increase 
the retention of the product. 

5 

If the substrate for the nucleic acid synthesis is la- 
beled nucleotides, the synthesized nucleic acids will be 
labeled. Thus, the 10 1C molecules generated from one pre- 
cursor molecule in the example above could be labeled. 

10 This number of labeled molecules is far above the detec- 
tion limit in most laboratory reactions. Thus, if the 
initiating oligonucleotides are fixed to a specific de- 
tector molecule (like an antibody to an antigen of 
interest) the presence (binding) of this detector mole- 

15 cule could be visible even if only a single molecule is 
bound to the target (Fig. 6) . 

We would thus have a detection system with the highest 
possible sensitivity, since it could detect the existence 

20 of single entities. For most applications this level of 
sensitivity would be meaningless as it would be difficult 
to tell specific binding of single detector molecules 
from the unavoidable non-specific binding of these mole- 
cules. However, the high level of sensitivity would 

25 ensure that the sensitivity would always be sufficient. 

It should be noted that the polymerization step is a non- 
specific reaction in the sense that any oligonucleotide 
with the ability to participate in such a reaction could 

30 do so under the right condition. Thus, a number of dif- 
ferent oligonucleotides could be polymerized in one 
single reaction. By contrast, the cascade step is a spe- 
cific step dependent on the addition of a specific 
oligonucleotide (or enzyme) to release the cascade. This 

35 could be utilized for differential staining of multiple 
targets. If a number of different oligonucleotides were 
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* attached to a corresponding number of antibodies and 
these were bound to their corresponding antigens, all the 
oligonucleotides could be polymerized in one single reac- 
tion. Subsequently, each polymer could be used as 
5 template for a specific cascade reaction released by the 
relevant oligonucleotide. Thus, if the first cascade was 
released with a red label, the second cascade with a 
green label and the third cascade with a blue label, the 
first target would appear in red, the second in green and 
10 the third in blue. 

Co-amplification of "irrelevant" DNA 

As described previously some other DNA sequence could be 
15 placed in the array of annealing DNA. This "irrelevant" 
DNA could in principle be of any type, as long as the 
size is not excessive, making the polymerization in phase 
1 impossible. Thus, the DNA multiplication and, possibly, 
cascade could be used for the generation of large amounts 
20 of some interesting DNA sequence just as the polymerase 
chain reaction (PCR) and cloning. The DNA generated could 
then be used for whatever purposes DNA is used for. It 
could for instance be labeled during the synthesis and - 
used as a hybridization probe, or it could be character- 
25 ized by sequencing or otherwise. 

To carry out the amplification of this DNA it is of 
course necessary to add the annealing sequences to the 
ends of the DNA of interest. This could be done, in either 

30 of a number of ways. The sequences could be ligated di- 
rectly to the ends of the DNA by standard ligation 
procedures, or it could be contained within a vector used 
for cloning of the DNA, for instance flanking the 
polylinker found in most modern vectors. Whatever method 

35 is chosen, the end result would be a DNA sequence capable 
of self-amplification through a DNA multiplication and 
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cascade. If it is necessary to release the amplified 
"irrelevant" DNA from the amplifying sequences after the 
amplification, the annealing DNA may be designed to con- 
tain recognition sites for restriction enzymes. 

5 

If multiplication by means of two complementary oligonu- 
cleotide sequences is used, this may be done in two 
different ways. Either a first oligonucleotide, e.g. 
ATCG, may be added to both ends of one batch of the 
10 "irrelevant" DNA to be amplified, and a second oligonu- 
cleotide complementary to the first one, in casu CGAT, 
added to both ends of a nother batch of the "irrelevant" 
DNA, the resulting DNA sequences hybridizing and polymer- 
izing as follows: 

15 

5* ATCG [irrelevant] ATCG 3* -> 

<- 3' TAGC [ irrelevant ] TAGC 5' 

Or the first oligonucleotide may be added to the 5' end 
20 and the second oligonucleotide to the 3' end of the first 
batch of "irrelevant" DNA, while the first oligonucleo- 
tide is added to the 3' end and the second oligonucleo- 
tide to the 5 f end of the second batch of "irrelevant" 
DNA, the resulting DNA sequences hybridizing and polymer- 
25 izing as follows: 

5' ATCG [irrelevant] CGAT 3' -» 

3' GCTA[ irrelevant) TAGC 5' 

30 If multiplication by means of one oligonucleotide showing 
dyad symmetry is used, this dyad symmetry oligonucleo- 
tide, e.g. GAAATTTC, is added to both ends of the "irre- 
levant" - DNA, the resulting DNA sequence hybridizing and 
polymerizing as follows: 

35 



5' GAAATTTC [irrelevant] GAAATTTC 3' -> 

<r- 3' CTTTAAAG [irrelevant JCTTTAAAG 5' 
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In these embodiments of the multiplication reaction the 
first step of hybridization and polymerization will pro- 
duce complementary copies of the "irrelevant" DNA; the 
second step will produce actual copies of the "irrele- 
5 vant" DNA and so forth. The result will be a template 
comprising shifting actual and complementary copies of 
the desired DNA. A subsequent cascade reaction copying 
both the resulting template and the copies of the tem- 
plate will thus produce a multitude of both actual and 
10 complementary copies of the desired DNA. 

On the other hand, if the multiplication reaction is car- 
ried out by endless copying of a circular DNA incorpora- 
ting the "irrelevant" DNA, the resulting template will 
comprise multiple complementary DNA or RNA copies of the 
desired DNA. If the template is DNA, a subsequent cascade 
reaction will in the first instance produce actual copies 
of the desired DNA, in the next instance complementary 
copies thereof and so forth. If the template is RNA, this 
may by reverse transcription be copied into cDNA compris- 
ing actual copies of the desired DNA, and a subsequent 
cascade reaction will in the first instance produce com- 
plementary copies of the desired DNA, in the" next 
instance actual copies thereof and so forth. In every 
case the end result will be a multitude of both actual 
and complementary copies of the desired DNA. 

Co-amplification reactions could of course also be used 
for detection purposes by labeling as described previ- 
30 ously. The amount of DNA generated in the cascade step 
would be much lower, but this may be affordable. Also, 
the larger size of the amplification unit might increase 
the retention at the site of synthesis compensating for 
the lower overall yield. 
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Furthermore, with the co-amplification of some other DNA 
it would be possible to release the cascade with an oli- 
gonucleotide primer hybridizing to some sequence within 
this DNA rather than to the oligonucleotide sequence used 
5 for the polymerization. This would likely increase the 
specificity of the reaction further. 

Similarly, the detector molecule could be present as an 
"irrelevant" sequence directing the amplifying construct 
10 to a site capable of hybridizing with the "irrelevant" 
sequence thus binding the cascade reaction to that site. 

EXAMPLES 

15 Example 1. 

Formation of a polymer from a tandem repeat of a dyad 
symmetry sequence. 

20 The sequence 5 ' -ACAAATTTGT-3 ' has a dyad symmetry. The 
oligonucleotide 5 ' -ACAAATTTGTACAAATTTGT-3 ' contains two 
repeats of this dyad symmetry and can be elongated to an 
apparent size , of about 20 kb (as estimated by neutral 
agarose gel electrophoresis) by the reaction described 

25 here. In this example the resulting polymer is labeled 
with digoxigenin, as digoxigenin-labeled dUTP is added to 
the reaction. The digoxigenin-dUTP can of course be omit- 
ted or replaced with dTTP. 

30 A similar elongation is achieved if the oligonucleotide 
is synthesized with a biotin molecule attached to the 5'- 
end, making it possible to fix the oligonucleotide or its 
polymer to avidin, if such is desired. 

35. The 10 pi taken out each ten cycles can be used to moni- 
tor the progress of the polymer formation. It appears 
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that most of the elongation occurs in the last incuba- 
tion, as predicted from the theoretical considerations. 
It also appears that the polymers vary more in size as 
they become longer, which is also as expected. 

5 

Procedure: 

Mix the following in a final volume of 20 ul: 
1-10 ng (about 1 pmol) oligonucleotide 
10 2 ul glycerol 

2 ul lOxTag-buf fer (supplied by the supplier of Tag po- 
lymerase) 

2 nmol each of dATP, dCTP, dGTP and dTTP 

500 pmol dig-ll-dUTP (Boehringer Mannheim) 
15 2U Tag polymerase (Boehringer Mannheim) 
... Water to 20 ul . . . 

Incubate in a thermocycler for 10 cycles at: 
30°C for 2 minutes 
20 50°C for 1 minute 

70°C for 1 minute. 

Then transfer 10 ul of the mixture to a new reaction and 
add the following mixture: 
25 1 ul glycerol 

1 pi lOxTag-buf fer 

2 nmol each of dATP, dCTP, dGTP and dCTP 
500 pmol dig-ll-dUTP 

2 U Tag polymerase 
30 Water to 10 ul. 

Incubate in a thermocycler for 10 cycles at: 
40 °C for 2 minutes 
65 °C for 2 minutes 
35 90 °C for 1 minute. 
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Then transfer 10 pi of the mixture to a new reaction and 
add the following mixture: 
1 ul glycerol 
1 ul lOxTag-buf f er 
5 2 nmol each of dCTP, dGTP, dTTP 
4 nmol dATP 
500 pmol dig-ll-dUTP 
4 U Tag polymerase 
Water to 10 pi. 

10 

Incubate in a thermocycler for 10 cycles at: 
50 °C for 2 minutes 
70 °C for 10 minutes 
90 °C for 1 minute. 

15 

After this the polymer had reached a size of about 20 kb 
in the experiments recited here. Repeating the last incu- 
bation twice did not result in any further apparent 
increase in polymer size. 

20 

Example 2 

The gene mutated in Cystic Fibrosis can be stained in 
preparations of metaphase chromosomes and interphase nu- 
25 clei 

In this protocol an oligonucleotide probe is circularized 
and ligated on the normal variant of the Cystic Fibrosis 
gene in a preparation of fixed cells from a healthy human 

30 donor. After ligation a second primer is added. This 
primer hybridizes to the part of the circle not hybridiz- 
ing with the genomic DNA and initiates polymer formation 
through rolling circle replication of the circle. After 
this the same primer is added again, but this time to- 

35 gether with a non-complementary primer capable of 
hybridizing with the polymer. Together these two primers 
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then generate a cascade reaction on the polymer. With the 
inclusion of digoxigenin- labeled dUTP in the reaction 
mixture, this cascade reaction can subsequently be made 
visible by incubation with f luorochrome-labeled anti- 
5 digoxigenin antibody. 

At sites where all reactions work optimally the staining 
in metaphase chromosomes looks like a little down, situ- 
ated in the middle of the long arm of chromosome 7. 

10 However, none of the steps works to 100 * in all cells, 
so the appearance will vary from cell to cell. If the 
first oligonucleotide does not hybridize to the target 
sequence or if it is not ligated after hybridization, no 
staining can be generated. The same is the case if the 

15 hybridization of the polymer-generating oligonucleotide 
or the rolling circle replication fails. Where all of 
these reactions have worked, the cascade can be released. 
The amount of (labeled) DNA made in these reactions is 
expected to vary depending on how much the individual 

20 polymers increased in the preceding step (the longer the 
polymer, the more cascade product) and depending on spa- 
tial conditions at the individual site (how much DNA can 
be accomodated) . In accordance with this the appearance 
of individual chromosomes 7 after the reaction varies 

25 from no signal to a dot-like signal to a down-like sig- 
nal; and of the two chromosomes 7 in a single metaphase 
none, one or both may be stained. 

Most interphase nuclei also contain stained sites. How- 
30 ever, since the nuclei, unlike the chromosomes, present 
no morphological features to help determine if the stain- 
ing is located at the right site, this result is more 
difficult to interpret. 
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Procedure . 

Make a fresh spreading of cells fixed in methanol and 
acetic acid (3:1) on a microscope slide. To facilitate 
5 access to the hybridization sites, it is important that 
the chromosomes are well spread and not embedded in dense 
cytoplasm. 

Prepare the following mixture for hybridization and liga- 
10 tion of the Cystic Fibrosis probe: 

2.5 pmol probe { 5 ' -p-AAGATGATA(T) jCTTTAATG (T) ..ATAATGTTAA. 

GTGACCGGCAGC (A) 4 TG (T) 1 aCATCATAGGAAACACCA-3 ■ ) 
5 ul lOxTth ligase buffer (lxbuffer: 20 mM Tris.HCl pH 
9.0, 100 mM KC1 10 mM MgCl 2 / ImM EDTA and 0.1 I 
15 "Triton® X-100") 

10 pi 10 mM NAD 

5 ug sonicated and denatured salmon sperm DNA 
5 ug BSA 
5 ul glycerol 
20 12.5 U Tth DNA ligase 
water to 50 ul. 

Add the mixture to the slide and spread with a coverslip. 
Incubate at 92.5 °C for 2.5 minutes (to denature the 
25 genomic DNA) and then at 55 °C for 30 minutes (to hybrid- 
ize and ligate probe) . 

Then wash in 30 * formamide, 2xSSC pH 7.0 (lxSSC: 150 mM 
NaCl, 15 mM sodium citrate) at 42 °C for 10 minutes and 
30 in 2xSSC at 55 °C for 10 minutes to remove both free and 
unligated probes. 

Dehydrate the slide in an ethanol series (70-90-99?) and 
air dry it. 

35 



The slide is now ready for polymer formation. 
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To perform this, mix the following: 
1 pmol primer ( 5 ' -TGCTGCCGGTCACTTAACAT-3 ' ) 
5 nraol each of dATP, dCTP, dGTP and dTTP 
5 pg BSA 

5 5 pi 10x0-29 buffer (1x0-29 buffer: 50 mM Tris.HCl pH 
7.5, 10 mM MgCl 2 , 20 mM (NH 4 ) 2 SO.,, 1 mM DTT) 
34 0 ng 0-29 DNA polymerase 
water to 50 pi 

10 Add the mixture to the* slide, spread with a coverslip and 
incubate at 30 °C for 1 hour. 

Transfer the slide to washing buffer MxSSC, 0.05 % 
Tween®-20) and wash for 5 minutes at ambient tempera- 
15 ture. 

Dehydrate the slide in an ethanol series (70-90-99%) and 
air dry it. 

20 The slide is now ready for the cascade reaction. 

To perform the cascade reaction, mix the following rea- 
gents: 

4 pmol of the primer used to generate the polymer 
25 4 pmol of a primer complementary to the polymer 

(in this case: 5 ' -AAGATGATATTTTCTTTAATG-3 ' ) 

5 nmol each of dATP, dCTP and dGTP 

4 nmol dTTP 

1 nmol digoxigenin dUTP 
30 5 pi glycerol 

5 pi 10x<P-29 buffer 

340 ng 0-29 DNA polymerase 
water to 50 pi. 

35 Add the mixture to the slide, spread with a coverslip and 
incubate at 37 °C for 1 hour. Transfer the slide to wash- 
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ing buffer and equilibrate in this buffer for 5 minutes. 

Then add 100 ul f luorescein-labeled anti-digoxigenin an- 
tibody to visualize the digoxigenin-labeled DNA synthe- 
5 sized in situ (spread -with a coverslip) . The antibody 
should be in washing buffer supplemented with 5 % non-fat 
dry milk. Incubate for 30 minutes at ambient temperature 
to 37 °C and away from light. Wash the slide 3x5 minutes 
in washing buffer at ambient temperature. 

0 

The slide is now ready to be analyzed. 
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PATENT CLAIMS 

1. A process for producing DNA consisting of multiple 
tandem repetitions of an oligonucleotide unit, wherein an 

5 oligonucleotide comprising at least one and a half unit 
of a nucleotide sequence showing dyad symmetry is copied 
stepwise by means of a template- and primer-dependent DNA 
polymerase in the presence of the necessary nucleoside 
triphosphates during repeated cycles of denaturation and 
10 annealing, the chain elongation taking place each time 
the annealing results in a frame-shifted hybridization^ 
giving rise to duplexes with buried 3' ends. 

2. A process according to claim 1, wherein the starting 
15 oligonucleotide comprises at least two units of the nu- 
cleotide sequence showing dyad symmetry. 

3. A process according to claim 1 or 2, wherein the nu- 
cleotide sequence showing dyad symmetry comprises the 

20 promoter region for an enzyme capable of template- 
dependent DNA or RNA synthesis without the need for a 
primer and the complementary repeat of said region. 

4. A process according to claim 2, wherein any nucleotide 
25 sequence to be amplified is inserted between the units of 

the nucleotide sequence showing dyad symmetry in the 
starting oligonucleotide. 

5. A process according to claim 4, wherein the inserted 
30 sequence comprises the promoter region for an enzyme ca- 
pable of template-dependent DNA or RNA synthesis without 
the need for a primer. 

6. A process according to claim 3 or 5, wherein the pro- 
35 moter region is the promoter for the T3, T7 or SP6 RNA 

polymerase. 
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7. A process for producing nucleic acid consisting of 
multiple tandem repetitions of an oligonucleotide unit, 
wherein a circular oligonucleotide comprising at least 
one copy of said unit is used as a template for an end- 

5 less copying process by means of a nucleic acid 
polymerase, which is capable of strand displacement and 
is substantially without 5'-3' exonuclease activity, in 
the presence of the necessary nucleoside triphosphates 
and, if necessary, a primer capable of binding to some 
10 portion of the oligonucleotide. 

8. A process according to claim 7, wherein the polymerase 
is an enzyme capable of template- and primer-dependent 
DNA or RNA synthesis, and the copying is started from a 

15 primer binding to some portion of the circular oligonu- 
cleotide 

9. A process according to claim 8, wherein the circular 
oligonucleotide comprises a DNA sequence showing dyad 

20 symmetry, and the primer has the same DNA sequence. 

10. A process according to claim 7, wherein the poly- 
merase is a RNA polymerase without the need for a primer, 
and the copying is started from a promoter region incor- 

25 porated in the circular oligonucleotide and being 
recognized by the polymerase. 

11. A process according to claim 7 or 10, wherein the po- 
lymerase is a RNA polymerase, and the process further 

30 comprises that a DNA multimer is produced from the re- 
sulting RNA multimer by means of a reverse transcriptase 
and a DNA primer . 

12. A cascade nucleic acid amplification reaction, where- 
35 in a great number of partial and complete DNA or RNA cop- 
ies of a DNA template consisting of multiple tandem 
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repetitions of an oligonucleotide unit is produced by 
means of a nucleic acid polymerase, which is capable of 
strand displacement and is substantially without 5'-3' 
exonuclease activity, by contacting the template with 
5 said nucleic acid polymerase in the presence of the nec- 
essary nucleoside triphosphates and, if necessary, a 
primer capable of binding to the oligonucleotide unit, 
the polymerase thus synthesizing DNA or RNA originating 
from, ideally, each repeating oligonucleotide unit in the 
10 template. 

13. A cascade reaction according to claim 12, wherein the 
oligonucleotide unit incorporates the proraoLer region for 
a polymerase capable of template-dependent DNA or RNA 

15 synthesis without the need for a primer, and the poly- 
merase is such an enzyme. 

14. A cascade reaction according to claim 13, wherein the 
polymerase is the T3, T7 or SP6 ; RNA polymerase. 

20 

15. A cascade reaction according to claim 12, wherein the 
polymerase is an enzyme capable of template- and primer- 
dependent DNA or RNA synthesis, and the reaction is car- 
ried out in the presence of a primer capable of binding 

25 to the oligonucleotide unit. 

16. A cascade reaction according to claim 15, wherein the 
oligonucleotide unit comprises a nucleotide sequence 
showing dyad symmetry, and the primer comprises the same 

30 sequence. 

17. A cascade reaction according to claim 15 or 16, 
wherein the polymerase is the 0-29 polymerase, the Kle- 
now fragment of DNA polymerase I, preparations of the Tag 

35 polymerase without exonuclease activity or the T4 DNA po- 
lymerase . 
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18. A cascade reaction according to any one of claims 12, 
13 and 15-17, wherein the polymerase is a DNA polymerase, 
and the reaction is carried out simultaneously with the 
production of the DNA template by endless copying of a 

5 circular oligonucleotide according to claim 7 and by 
means of the same polymerase. 

19. A cascade reaction according to any one of claims 12, 
13 and 15-18, wherein the nucleic acid polymerase is a 

10 DNA polymerase, and the cascade reaction proceeds further 
from the repeated oligonucleotide units of the newly syn- 
thesized DNA strands. 

20. A cascade reaction according to claim 19, wherein the 
15 time of conducting the cascade reaction is adjusted to 

the number of repeated units in the template and, possi- 
bly, the concentration of primer in such a way that the 
copying of the template and the newly synthesized DNA 
strands does not proceed to the ends thereof, so that the 
20 displaced strands remain attached to the template, form- 
ing a large web of interconnected strands. 

21. A cascade reaction according to any one of claims 12- 
14, wherein the nucleic acid polymerase is a RNA po- 

25 lymerase, and the cascade reaction produces a great 
number of single- stranded RNA molecules which hybridize 
to each other forming a large immobile network. 

22. A cascade reaction according to claim 21, wherein the 
30 produced network of hybridized RNA molecules is dena- 
tured, annealed to complementary oligonucleotides 
suitable as primers for cDNA synthesis and copied into 
cDNA strands by means of a reverse transcriptase, after 
which the cascade reaction proceeds further from the re- 

35 peated oligonucleotide units of the cDNA strands. 
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23. A method of detecting a target molecule or group at a 
specific site, wherein 

a) a detector molecule that binds specifically to the 
target is attached to an oligonucleotide capable of tak- 

5 ing part in a reaction to form a DNA template consisting 
of multiple tandem repetitions of said oligonucleotide, 

b) the oligonucleotide with attached detector molecule is 
contacted with the target site, and oligonucleotide with 
attached detector molecule not bound to target is re- 

10 moved, 

c) a reaction to form a DNA template consisting of multi- 
ple tandem repetitions of the oligonucleotide bound to 
the detector molecule is carried out, and 

d) the target is detected by detection of the bound am- 
15 plified nucleic acid. 



24. A method according to claim 23, wherein further a 
cascade reaction according to any one of claims 12-22 is 
carried out before detecting the target. 

20 

25. A method of detecting a target molecule or group at a 
specific site, wherein 

a) a detector molecule that binds specifically to the 
target is attached to a DNA template consisting of multi- 

25 pie tandem repetitions of an oligonucleotide unit, 

b) the template with attached detector molecule is con- 
tacted with the target site, and template with attached 
detector molecule not bound to target is removed, 

c) a cascade reaction according to any one of claims 12- 
30 22 is carried out, and 

d) the target is detected by detection of the bound am- 
plified nucleic acid. 

26. A method according to any one of claims 23-25, where- 
35 in the nucleoside triphosphates used are labeled, and the 

target is detected by detecting the label. 
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27. A method according to claim 26, wherein the label is 
an enzyme, a radioactive isotope, a fluorescent com- 
pound, a chemiluminescent compound, a bioluminescent 
compound, a metal chelate or a hapten detectable by a 

5 specific secondary reaction. 

28. A method according to claim 24 or 25, wherein the 
target is detected by the presence of a large web of nu- 
cleic acid strands. 

10 

29. A method according to any one of claims 23-28, where- 
in the target molecule or group is fixed to a solid sur- 
face . 

15 30. A method according to any one of claims 23-28, where- 
in the target molecule or group is within a confined 
space such as an organic cell. 

31 . A method according to any one of claims 23-30, where- 
20 in the target is a specific antigen, and the detector 
molecule is an antibody to said antigen. 

32. A method according to any one of claims 23-30, where- 
in the target is a specific carbohydrate molecule or 

25 group, and the detector molecule is a lectin binding 
thereto. 

33. A method according to any one of claims 23-30, where- 
in the target is a specific nucleic acid sequence, and 

30 the detector molecule is a DNA or RNA probe which hybrid- 
izes specifically to the target sequence. 

34. A process for the amplification of a particular DNA 
sequence, wherein a first oligonucleotide is added to 

35 both ends of one copy of said DNA sequence and a second 
oligonucleotide complementary to the first one is added 
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to both ends of another copy of said DNA sequence, and 
the resulting DNA sequences are copied stepwise by means 
of a template- and primer-dependent DNA polymerase in the 
presence of the necessary nucleoside triphosphates during 
5 repeated cycles of denaturation and annealing, the chain 
elongation taking place each time the annealing results 
in a frame-shifted hybridization giving rise to duplexes 
with buried 3' ends. 

10 35. A process for the amplification of a particular DNA 
sequence, wherein a first oligonucleotide is added to the 
5' end and a second oligonucleotide complementary to the 
first one is added to the 3' end of one copy of said DNA 
sequence and vice versa with another copy .of said DNA se- 

15 quence, and the resulting DNA sequences are copied 
stepwise by means of a template- and primer-dependent DNA 
polymerase in the presence of the necessary nucleoside 
triphosphates during repeated cycles of denaturation and 
annealing, the chain elongation ; taking place each time 

20 the annealing results in a frame-shifted hybridization 
giving rise to duplexes with buried 3' ends. 

36. A process for the amplification of a particular DNA 
sequence, wherein at least one unit of an oligonucleotide 

25 showing dyad symmetry is added to both ends of said DNA 
sequence, and the resulting DNA sequence is copied step- 
wise by means of a template- and primer-dependent DNA 
polymerase in the presence of the necessary nucleoside 
triphosphates during repeated cycles of denaturation and 

30 annealing, the chain elongation taking place each time 
the annealing results in a frame-shifted hybridization 
giving rise to duplexes with buried 3' ends. 

37. A process according to any one of claims 34-36, 
35 wherein the oligonucleotide units added to the ends of 

the particular DNA sequence are designed to contain re- 
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striction enzyme recognition sites bordering said DNA se- 
quence. 

38. A process for the amplification of a particular DNA 
5 sequence, wherein said DNA sequence is either circular- 
ized or inserted into a circular oligonucleotide, and the 
resulting circular DNA is used as a template for an end- 
less copying process by means of a nucleic acid poly- 
merase capable of strand displacement and substantially 
10 without 5 '-3* exonuclease activity in the presence of the 
necessary nucleoside triphosphates and, if necessary, a 
primer capable of binding to some portion of the oligonu- 
cleotide . 

15 39. A process according to claim 38, wherein the particu- 
lar DNA sequence is inserted in a site of the circular 
oligonucleotide producing restriction enzyme recognition 
sites bordering said DNA sequence. 

20 40. A process according to claim 38 or 39, wherein the 
sequence forming the template for the formation of the 
circular DNA also provides the 3 '-end needed for polymer 
formation by rolling circle replication of the circular- 
ized DNA. 

25 

41. A process according to claim 40, wherein the template 
for the ligation is fixed at a certain site, e.g. a chro- 
mosomal locus, a magnetic bead or a sequencing comb, such 
that the polymer will be fixed at this site as well. 

30 

42. A process according to any one of claims 38-41, 
wherein the polymerase is a RNA polymerase, and the proc- 
ess further comprises that a DNA multimer is produced 
from the resulting RNA multimer by means of a reverse 

35 transcriptase and a DNA primer. 
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43. A process according to any one of claims 34-42, fur- 
ther comprising a cascade reaction according to any one 
of claims 12-22. 

5 44. A process according to any one of claims 34-43, 
wherein the nucleoside triphosphates used are labeled. 

45. A process according to claim 44, wherein the label is 
an enzyme, a radioactive isotope, a fluorescent compound, 
10 a chemiluminescent compound, a bioluminescent compound, a 
metal chelate or a hapten detectable by a specific secon- 
dary reaction. 
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Fig. 1 One dyad symmetry 

oligonucleotide : 



Perfect 5 GAAATTTCGAAATTTC 3 ' 

match : t CTTTAAAGCTTTAAAG 5 



DNA synthesis 

5' 3' 
Frame- GAAATTTCGAAATTTC -» 

shift: <- CTTTAAAGCTTTAAAG 

3 ' 5 1 

DNA synthesis 



After frameshift and DNA synthesis 

5' 3« 

GAAATTTCGAAATTTCGAAATTTC 

CTTTAAAGCTTTAAAGCTTTAAAG 
3' 5' 
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Fig . 2 Two complementary 

oligonucleotides : 



5 ' 3 
Perfect GAAAGAAAGAAAGAAAGAAA 

match: CTTTCTTTCTTTCTTTCTTT 
3' ' 5' 



DNA synthesis 

5' 3' 
Frame- GAAAGAAAGAAAGAAAGAAA -> 

shift: <r- CTTTCTTTCTTTCTTTCTTT 

3' 5. 

DNA synthesis 



After frameshift and DNA synthesis 



5' 3 
GAAAGAAAGAAAGAAAGAAAGAAAGAAA 
CTTTCTTTCTTTCTTTCTTTCTTTCTTT 
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Fig. 3 Co-amplification of the 

sequence : 

NNNNNNNNNNNN 



3' 5 
CTTTAAAG (N) i2 CTTTAAAG 
GAAATTTC (N) 12 GAAATTTC 
5' 3* 



Frameshif ted 
annealing 



and DNA 
synthesis 



3' 5 
CTTTAAAG (N) 12 CTTTAAAG (N) 12CTTTAAAG 

GAAATTTC (N) 12 GAAATTTC (N) 12 GAAATTTC 
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